The aim of our study was to investigate P wave dispersion (Pwd), QT, corrected QT (QTc), QT dispersion (QTd) and corrected QT dispersion (QTcd) intervals in subarachnoid haemorrhage.
Subarachnoid haemorrhage (SAH) is considered to be a significant cause of stroke and premature deaths of patients below 45 years of age with an incidence of 6 to10/100,000 per year 1, 2 Electrocardiographic (ECG) disorders frequently emerge during the first 48 hours after SAH [3] [4] [5] [6] [7] [8] . The incidence of the ECG disorders, their pathogenesis, developmental mechanisms and their prognostic importance has not been clearly elucidated [3] [4] [5] . Extension of the QT interval during the acute phase of SAH is the most frequently observed ECG change [9] [10] [11] . P wave dispersion (Pwd) is an easy, basic and non-invasive electrocardiographic indicator of atrial arrhythmia 12 . Atrial fibrillation was detected with 24-hour Holter monitoring in 76% of the SAH patients who experienced cardiac arrhythmia 13 , but there are no data published on the impact of Pwd in SAH. In this study, we examined the ECG recordings of SAH patients and compared them with those of neurologically normal patients to determine the impact of SAH on the Pwd, QT, corrected QT (QTc), QT dispersion (QTd) and corrected QT dispersion (QTcd) intervals.
METHODS
Following the approval of the hospital ethics committee, adult patients who had applied to the Polyclinic of Anaesthesiology and Reanimation at Zonguldak Karaelmas University for pre-anaesthesia assessment between January 2003 and January 2009 were retrospectively included in the study. Thirtyfive SAH patients were assigned into the SAH group (Group S) and 35 neurologically normal patients were assigned into the control group (Group C).
ECG recordings, serum electrolyte levels, Glasgow Coma Scale scores and Hunt-Hess Scale scores of all patients were examined.
Standard 12 derivations ECG recordings had been obtained with a paper speed of 25 mm/second and a deflection of 10 mm/mV during the pre-anaesthesic evaluation of all the patients (Hewlett Packard, Pagewriter 300pi). The ECG recordings of Group S were performed in the first 48 hours following SAH. Heart rate was calculated using mean RR time. The QT interval was defined as between the beginning of QRS complex and the place where T wave descend onto the TP isoelectric line. When a U wave interrupted the T wave before returning to the baseline, the QT interval was measured to the nadir of the curve between the T and U waves. The QTc interval was calculated using the Bazett formula; QTc (ms)=QT measured /√RR (where RR is the RR interval). Extended QTc interval was defined as a duration of more than 440 ms. The QTd value was determined as the difference between the longest and shortest QT intervals in the 12 ECG leads. Extended QTd was defined as longer than 60 ms. The QTcd duration according to heart rate was identified with the Bazett formula; QTcd (ms)=QTd measured/√RR.
The beginning of the P waves was defined as a positive deflection from the isoelectric line and the end as the point when the positive deflection return to the isoelectric line 12 . Derivations where the beginning and end of the P wave were not obvious were excluded from the study. Pwd was the difference between the longest and shortest P wave duration. Extended Pwd was defined as Pwd duration longer than 40 ms.
Subjects who had fewer than nine derivations assessed in the ECG were excluded from the study. All ECG measurements were evaluated three times by two experts who did not know to which group the subject belonged and the mean values were accepted.
The serum levels of sodium, potassium, magnesium, chloride and calcium were measured from the venous blood specimens taken at their initial application to the emergency department.
Statistical analysis
Statistical Package for the Social Sciences (SPSS) 10.0 was used for data analysis. one way analysis of variance was used to compare parametric variables and chi-square was used for analysis of nonparametric variables. The Pearson's correlation coefficients were determined for Glasgow Coma Scale scores, Hunt-Hess Scale scores, serum potassium, calcium, magnesium, QTc, QTcd and Pwd intervals. P <0.05 was considered statistically significant.
RESUlTS
There was no significant difference between study groups according to age (P=0.275) and gender (P=0.473). The incidences of hypertension (P=0.138) and diabetes mellitus (P=0.477) in both groups were also similar ( Table 1) . There was no incidence of coronary artery disease in any of the patients in either group.
In Group S, two patients had sinus tachycardia, two had atrial ectopic beats and two had ventricular ectopic beats. All patients in Group C were in sinus rhythm. No patient in either group had atrioventricular block, nor did any of the patients demonstrate branch block pattern. The average heart rate of Group S was found to be significantly higher than that of Group C (P=0.015) ( Table 2) .
The QT, QTc, QTd and QTcd durations of Group S were also significantly longer than Group C (P <0.001) ( Table 2 ).
In Group S the QTc interval value was above 440 ms in 19 patients (54.3%). The QTc interval extension was observed in none of the patients in Group C (P <0.001). The QTcd interval value was found to be above 60 ms in 24 cases in Group S (68.6%) and in one case in Group C (2.9%) (P <0.001).
There was no significant difference between Groups S and C in terms of minimum P wave duration (P=0.202). However, the maximum P wave and Pwd durations of Group S were found to be significantly longer than those of Group C (P <0.001) ( Table 2) . The Pwd duration value was found to be above 40 ms in 20 patients in Group S (57.1%) and in one patient in Group C (2.9%) (P <0.001).
The serum potassium, calcium, magnesium and chloride values were found to be significantly low in Group S when compared with those of Group C ( Table 3 ).
In the Pearson's correlation analysis, a positive but weak correlation was found between mortality and QTc extension (P=0.032, r=0.363). No correlation was detected between QTcd, Pwd durations and serum electrolyte levels (Table 4 ).
DISCUSSIoN
In our study, the Pwd, QT, QTc, QTd and QTcd durations in the ECG recordings of SAH patients were found to be significantly longer when compared with those of the control group. Previous studies have reported that 25 to 100% of SAH patients may have ECG disorders 4, [14] [15] [16] . According to a metaanalysis, ECG disorders are observed during the post-SAH period in 80 to 90% of patients 11 . While these disorders can be temporary in some cases, lifethreatening arrhythmias can be observed in others 8 . In a case report, QT extension during cerebral arterial aneurysm clipping developed into torsade de pointes 17 . The extension of QT and QTc intervals at the acute period of traumatic and nontraumatic SAH is one of the most frequently observed ECG changes 9,10,18 . Although repolarisation disorders are observed at a rate of 60 to 70% in SAH, it is QT extension most frequently observed 11 . As in previous studies, we found that the durations of QT and QTc significantly extended in the patients with nontraumatic SAH.
In an earlier study, the average QTc interval in SAH patients was found to be 456±59 ms and 438±48 ms with the Bazett and Hodges formulae, respectively 19 . In another study, the average QTc interval in SAH was 466±46 ms 9 . Another study revealed one or more repolarisation disorders in 41% of the SAH patients who had QTc intervals above 460 ms 20 . In our study, the mean QT and QTc intervals of SAH patients were 387.06±52.89 ms and 449.43±37.66 ms, respectively. The QTc interval was above 440 ms in 54.3% and above 460 ms in 31.3% of the SAH patients.
Correlation between severity of SAH and QTc and QTc extension is reported to be dependent on the formula used 19 , while the female gender and hypokalaemia are also independent risk factors for extension of the QTc interval 9, 21 . However, we could not demonstrate a significant correlation between gender and serum electrolyte levels and QTc duration ( Table 4 ). Serious extension of QTc is one of the most effective determinants of myocardial dysfunction in SAH but some studies suggest it has no significant association with mortality 20, 22 . However, there are several studies reporting that QTc interval in SAH is a determinant of mortality 5, 23 . In our study, a correlation was found between QTc and mortality in patients with SAH.
The QTd duration significantly extends in patients with SAH with a positive correlation between QTd duration and the plasma concentration of dihydroxyphenylglycol, a metabolite of norepinephrine 24 . The increase in QTd duration which is an indicator of predisposition to cardiac arrhythmia, may be related to the increased concentration of catecholamines in these patients 24 . Sato et al 25 showed that QTd durations have been prolonged in patients with SAH, especially in high-grade cases. They found a positive correlation between QTd and Hunt and Hess grade and a negative correlation between QTd and serum potassium levels 25 . The QTd and QTcd durations of SAH patients in our study were also found to be longer than those of the control group. However, there was no correlation between Hunt-Hess Scale scores, serum electrolyte levels and QTd interval in SAH. Pwd is defined as the difference between maximum and minimum P wave duration, and atrial arrhythmias are regarded as simple and noninvasive electrocardiographic indicators 12 . The Pwd duration may extend due to coronary ischaemia 26 , anxiety 27 and migraine attack 28 . However, during our literature survey, we could not come across any data describing the impact of SAH on Pwd. In our study, we found that the durations of Pwd also extends.
The pathogenesis of the ECG disorders developed in SAH is not clear 3 . The increased concentration of cardiogenic enzymes and plasma catecholamines, which could be associated with increased sympathetic activity 6, 8, 11, 24 , the stimulation of the insula cortex, which plays a role in the regulation of blood pressure 16 , the increase in parasympathetic and vagal activity, which could be caused by increased intracranial pressure 6 , the irregularity of autonomic cardiovascular control 8 and electrolyte disorders 7 are among the possible causes.
It is known that electrolyte disorders such as hypokalaemia 10 , hyponatraemia 29, 30 and hypomagnesemia 7,31 are frequently observed in patients with SAH. The extension of QT and QTc in patients with SAH can be associated with hypokalaemia 8, 14 and serious ventricular arrhythmias are more frequently observed when the QTc interval is 550 ms and above and the hypokalaemia is 3.5 mmol.l -1 and below 15 . Hypomagnesaemia is associated with ECG disorders observed in patients with SAH 7 , such as formation of atrial fibrillation and extended Pwd 32,33 . Dagdelen et al 33 emphasised that magnesium treatment prior to coronary artery bypass surgery shortened Pwd durations. However, we could not observe a correlation between these electrolytes and QTc, QTcd and Pwd, so ECG changes in SAH patients may not be solely attributed to electrolyte disorders.
In conclusion, we found that the Pwd, QTc and QTcd durations in SAH significantly extended. We suggest that arryhthmias may be caused by extended Pwd and QTcd durations during anaesthesia and intensive care for SAH patients.
